Strengths and limitations of this study ► A prospective design was used to study clinical outcomes over time, changes in oral health-related quality of life (OHRQoL) scores and caries recurrence. ► The validated Early Childhood Oral Health Impact Scale was used to measure OHRQoL in children. ► A large proportion of children did not participate in the clinical examination after treatment, which may lead to bias in some outcome indicators. ► The clinical examinations may be inaccurate because a few data points were from unscheduled recalls conducted by uncalibrated examiners, and some children did not cooperate during the examinations. ► A lack of routine rubber dam use is a significant limitation of this study as it is critical for restorative success.
AbStrACt Objectives To evaluate the success rates of dental procedures, the recurrence rates of caries and changes in oral health-related quality of life (OHRQoL) in children following treatment for early childhood caries (ECC) under dental general anaesthesia (DGA) in Chongqing, China.
Design A single-centre prospective cohort study conducted from December 2016 to June 2017. Setting A tertiary stomatological hospital in Chongqing, China.
Participants A total of 159 children aged 2-5 years who received treatment for ECC under DGA were included. Main outcome measures The primary outcomes were the success rates of dental procedures (the number of successful procedures divided by the total number of procedures) and the recurrence rates of caries. The success and recurrence rates were evaluated by a specialised examiner. The secondary outcome was the change in children's OHRQoL after DGA treatment, which was measured with the Early Childhood Oral Health Impact Scale (ECOHIS). results Overall, 117 children (73.6%) and 101 children (63.5%) participated in 6-month and 12-month clinical examinations, respectively, and 151 children (95.0%) completed OHRQoL surveys pretreatment and at 1, 3, 6 and 12 months post-treatment. The resin composite, stainless steel crown, indirect pulp capping, pulpectomy, space maintenance and dental sealant success rates were 89.6%, 96.3%, 96.0%, 94.4%, 76.9% and 92.9%, respectively, at 6 months and 78.8%, 95.1%, 92.2%, 88.9%, 63.6% and 89.3%, respectively, at 12 months. 10 (8.5%) and 19 children (18.8%) developed recurrent caries within 6 and 12 months, respectively. Within 1 year of treatment, the total ECOHIS scores at each post-treatment time point were still significantly lower than those at pretreatment, although they had increased slowly over time. Conclusions Overall, high success rates were obtained for the dental procedures, and the children's OHRQoL significantly improved after treatment. However, there was a tendency towards caries relapse, and the children's OHRQoL deteriorated over time.
IntrODuCtIOn
In children 71 months of age or younger, the presence of one or more decayed, missing or filled surface on any of the primary teeth is defined as early childhood caries (ECC). 1 In low/middle-income countries, ECC remains an important public health problem. 2 National data indicate that, among 5-year-old children in China, the prevalence of caries in primary teeth is 70.9%. 3 Most children with ECC receive systematic treatment with regular behavioural management in a conventional office environment, but a small number require an advanced approach, such as dental general anaesthesia (DGA) treatment in the operating room, due to their limited ability to cooperate during extensive and complex treatment procedures. 1 GA can provide a better operative environment in which high-quality dental treatment can be completed in a single session. 2 4 Under GA, dentists can provide a variety of treatment procedures for children. 5 Previous studies 4 6 have shown that restorative treatment for children with severe dental caries often fails. This may be due to severe structural damage and enamel demineralisation of abutment teeth, rendering restorations more prone to marginal defects. Among restorative procedures, the durability of stainless steel Open access crowns (SSCs) is higher, and the risk of retreatment for interproximal caries restored with SSCs is lower. 4 Although children receive active treatment under GA, they may have caries recurrence after a few months. A study 7 of 269 children treated similarly showed that 167 had at least one recall appointment within 12 months, and 24% of these children developed new caries. Of the 36 patients who attended recall appointments at 13-24 months, 53% developed new caries. A recent study 8 reviewed 278 children treated under GA, revealing that 22% had a caries recurrence during the 3-year follow-up period.
When evaluating the effect of dental treatment, both clinical changes and the impact of treatment on the quality of life of the patient should be measured. 9 Oral health-related quality of life (OHRQoL) is a phenomenon used in measuring the impact of oral disease on the general condition and daily life of patients. 10 A recent systematic review 11 indicated that children's OHRQoL was significantly improved after DGA treatment. However, most of the follow-up periods in these studies were shorter than 3 months.
In the literature, no study has examined the clinical outcomes following treatment for ECC performed under GA in Southwest China, because the DGA technology is relatively new in this region. Local paediatric dentists depend on international studies to provide information on the efficacy of dental treatment under GA. The difference in population characteristics and DGA treatment processes elsewhere may mean different the dental procedure success rates and caries recurrence rates. Accordingly, the primary purpose of this study was to evaluate the success rates of dental procedures involving different tooth types and restorative materials and evaluate the recurrence rates of caries and the factors that influence it following DGA treatment for ECC during a 1-year follow-up period in Chongqing, Southwest China. Meanwhile, considering that the sustainability of the observed OHRQoL improvements after DGA treatment is not currently clear, 12 the secondary purpose of this study was to evaluate OHRQoL changes in patients during the year following treatment.
MAterIAlS AnD MethODS Study sample
This was a prospective cohort study with a 1-year follow-up period. The study population was a consecutive convenience sample consisting of 159 out of 249 preschool children who received treatment for ECC under GA at the Stomatological Hospital of Chongqing Medical University from December 2016 to June 2017. The following inclusion criteria were applied: (1) children aged between 2 and 5 years old and (2) children classified as American Society of Anesthesiologists class I. However, the following cases were excluded: (1) children with developmental disorders or general diseases, such as cerebral palsy, heart failure or Down syndrome; (2) children treated under GA for other conditions, such as retained deciduous teeth, short labia, tongue tie or supernumerary teeth and (3) children whose parents had no mobile phone access or were not able to communicate fluently. Participation in the study was voluntary. The parents of each child were informed about the survey.
Data collection
The study consisted of clinical examinations performed before treatment and at 6-month and 12-month recall examinations. OHRQoL surveys were also completed pretreatment and at 1, 3, 6 and 12 months post-treatment. The data collected in this study included demographic information, baseline caries experience (baseline decayed, missing and filled teeth (dmft) index/decayed, missing and filled surface (dmfs) index), dental treatment information, the success rates of dental procedures, the recurrence rates of caries and children's OHRQoL.
Demographic information: Demographic information was collected via preoperative questionnaires on the day before the operation and included the following indicators: the child's name, gender and age; the relationship between the parents and the child (mother, father or grandmother/grandfather); family monthly income (≤¥10 000 or >¥10000); area of residence (city/town or village) and contact information.
Baseline caries experience: On the day before the operation, the same examiner checked the dental condition of the children according to WHO standards. 13 The examiner was blinded to who performed the treatment in the operation room. A dental mirror and community periodontal index (CPI) probe were used for the examination under an artificial light source. The caries status was determined with the dmft and dmfs indexes.
Before the examinations, the examiner was calibrated by this study's principal investigator. High intraexaminer reliability was evaluated via examinations in which 13 children received treatment for ECC under GA twice with a 2-week gap between the examinations (overall kappa >0.8).
Dental treatment information: On the day after treatment, information on the dental treatment, including treatment provider, type, quantity and tooth position, was collected from hospital records.
In this study, all children were treated by the same five dentists, who had at least 10 years of paediatric experience. Dentists had the same treatment approach to ECC management. The caries were restored by resin composites, including direct filling of various cavity types and anterior composite crowns. Teeth with deep carious lesions without pulp exposure received indirect pulp treatment (IPC). Teeth with pulpal involvement underwent pulpectomy and were restored by resin composites or SSCs. Teeth with a clear perforation in the pulp chamber bottom, furcation involvement or root resorption were extracted. The space between the extracted posterior primary teeth was maintained. If the parents agreed, dental sealants and/or full-mouth fluoride Open access (Duraphat, Colgate-Palmolive (China), Guangzhou, China, active ingredient was 5% sodium fluoride) were administered. A rubber dam was not used in all cases due to cost constraints.
Success rates of dental procedures: At 6 and 12 months post-treatment, participants were contacted by telephone, and a clinical examination was arranged to evaluate the success rates of the dental procedures. At the same time, necessary dental treatments were performed, topical fluoride was applied, and brushing instructions and dietary counselling were emphasised. All examinations were completed by the same examiner who performed a baseline caries examination with a dental mirror and a probe while the patient sat in a dental chair. When necessary, a radiographic examination (when feasible) was performed. Similar to the baseline examination, the examiner was blinded to the provider who performed the treatment in the operating room. If one or more of the following situations was encountered, the treatment procedure was considered a failure. 14 15 1. Restorative procedures (resin composite and SSC):
(1) missing, fractured, cracked or poorly adapted restorations;
(2) open margins, perforated or missing SSCs/anterior composite crowns; (3) secondary caries and (4) in teeth restored via only restorative procedures and without pulp therapy, the restorative procedures were considered a failure if any symptoms used to determine the failure of pulp therapy were found. In addition to the scheduled follow-up visits, patients may also have participated in one or more unscheduled visits within 12 months due to emergent symptoms or other special circumstances. Related data were collected from electronic (revisited in our hospital) or paper records (revisited in another hospital). The findings obtained in these appointments were included in the final evaluation.
Recurrence rates of caries: A new lesion found on previously untreated teeth or on a tooth surface was defined as recurrent caries. 1 Caries found on the edge of existing restorations were regarded as secondary caries (included in procedure failures). 1 The methods used to assess the recurrence rates of caries were the same as those used to assess the baseline dmft/dmfs and the success rates of dental procedures. If the dmfs at follow-up was higher than that at baseline, the child was recorded as having a caries recurrence. The caries recurrence rate was equal to the number of children who had a caries recurrence divided by the total number of children examined.
Children's OHRQoL: To measure children's OHRQoL, we used a previously certified Chinese version of the Early Childhood Oral Health Impact Scale (ECOHIS) 16 17 that was developed by Pahel et al. 18 The ECOHIS consisted of 13 items and comprises 2 main subscales. Items 1-9 constituted the child impact section (CIS), which covered the following four domains: child symptoms (item 1), child function (items 2-5), child psychology (items 6-7) and child self-image and social interactions (items 8-9). Items 10-13 constituted the family impact section (FIS), which covered the following two domains: parental stress (items 10-11) and family functioning (items [12] [13] . Each of the items in the CIS and FIS was given a score ranging from 0 to 4 according to the frequency of oral health-related problems: never (score 0), hardly ever (score 1), occasionally (score 2), often (score 3) and very often (score 4). Importantly, a 'Don't know' response was also offered because the respondent was not always the person whose OHRQoL was being assessed; this avoided a proxy overestimation of treatment effects. The children's OHRQoL was assessed in a pretreatment questionnaire and in telephone interviews performed at 1, 3, 6 and 12 months post-treatment. All interviews were completed by the same trained investigator. Only parents who consented to participate and completed a pretreatment questionnaire were surveyed over the telephone.
Statistical analysis
All data were collected and analysed with SPSS software (V.20.0, SPSS). The participants' data were excluded from the study if their key demographic data, such as child's name and contact information, were missing, as we would not have been able to identify them and conduct a follow-up without this information. In addition, the participants' data were excluded from the OHRQoL surveys if any one of their ECOHISs contained more than 30% missing items (scored 'Don't know' or left blank). [19] [20] [21] For scales with a missing item rate of less than 30%, the missing values were replaced by the average score from the sample for that item. [19] [20] [21] Frequencies/percentages and means/SDs are shown to describe categorical and continuous variables, respectively. The total scores for ECOHIS, CIS, FIS and each domain were calculated to measure the children's OHRQoL. Changes in scores were computed by subtracting the post-treatment scores from the pretreatment scores and used to represent improvement or deterioration in OHRQoL. We used effect size (ES) to indicate the meaningful magnitude of the change. The ES statistics were calculated by dividing the mean score changes by the SD of the pretreatment scores. An ES <0.2 indicated a small change, ES=0.2-0.7 indicated a moderate change and ES >0.7 indicated a large change.
We used to identify differences among continuous variables. A p<0.05 was considered significant for all comparisons.
Patient and public involvement
No patients were involved in the development of the research question and outcome measures, nor were they involved in the design, the recruitment or the conduct of the study.
reSultS General characteristics Figure 1 shows the participant selection process. In all, 159 children were recruited at baseline. Six children were excluded because they were not successfully contacted during the postoperative follow-up period. Therefore, the final study sample included 153 children. Among them, 117 children (73.6%) and 101 children (63.5%) participated in clinical examinations at 6 and 12 months post-treatment, respectively, and 151 children (95.0%) completed OHRQoL surveys pretreatment and at 1, 3, 6 and 12 months post-treatment.
The baseline characteristics of the participants are shown in table 1. There were no significant differences in the baseline characteristics between those who were lost to follow-up and those who were followed up with. Table 2 presents success rates of dental procedures at the 6-month and 12-month examinations. Fifty-nine children (50.4%) and 38 children (37.6%) did not have failed procedures (ie, all procedures were successful), respectively. The resin composite, IPC and pulpectomy success rates were significantly lower at 12 months than at 6 months (p<0.01). There was no significant difference in the success rates of dental procedures between dentists (p>0.05).
Success rates of dental procedures
The success rates of restorative procedures and pulp therapy were compared between different restorative materials and tooth types. The 6-month and 12-month success rates were significantly lower for anterior resin composites than for posterior resin composites. There was no significant difference in the 6-month success rates between posterior resin composites and SSCs, but the success rate was higher for the latter than the former at 12 months. The 6-month success rate of posterior IPCs was not significantly different from that of anterior IPCs, but the 12-month success rate was significantly higher for posterior IPCs. There was no significant difference in the success rates of pulpectomy performed on anterior and posterior teeth regardless of if they were evaluated at 6 or 12 months post-treatment.
recurrence rates of caries Table 3 shows data on the caries recurrences. At the 6-month and 12-month clinical examinations, the dmft scores were 10.0±4.7 and 10.9±4.9, respectively, and the dmfs scores were 35.9±18.6 and 38.4±18.1, respectively, which were significantly higher than those at baseline (p<0.05). Overall, 10 children (8.5%) and 19 children (18.8%) developed recurrent caries within 6 and 12 months after treatment, respectively. The recurrence rates were significantly higher at 12 months than at 6 months (p=0.03). At 12 months post-treatment, relapse was significantly associated with family monthly income, family residence, baseline dmft scores, baseline dmfs scores and participation in the 6-month follow-up examination (p<0.05). However, there was no association between relapse and any factor at 6 months (p>0.05). Table 4 shows the ECOHIS, CIS, FIS and domain scores. Within 1 year after treatment, the ECOHIS, CIS and FIS scores were significantly lower at each postoperative time point than those before treatment, but they increased slowly over time. Compared with the preoperative scores, the total ECOHIS scores decreased significantly by 75.4% at 1-month post-treatment, by 67.5% at 3 months post-treatment, by 58.9% at 6 months post-treatment and by 42.1% at 12 months post-treatment. In all domains, the largest reduction was in 'child symptoms', and the smallest was in 'child self-image and social interactions'. Figures 2 and 3 present changes in the ECOHIS scores in the successful/unsuccessful groups at the 6-month and 12-month follow-up examinations, respectively. The postoperative ECOHIS scores increased faster in the children who experienced a procedure failure (Unsuccessful group) than in those who did not (Successful group). Figures 4 and 5 present changes in the ECOHIS scores in the recurrence/non-recurrence groups at the 6-month and 12-month follow-up examinations, respectively. Similar increases were observed in children who developed new caries (recurrence group) and in children who did not (non-recurrence group).
Children's OhrQol

DISCuSSIOn
In this study, ECC treatment performed under GA was evaluated over a 1-year follow-up period to explore the following three issues: the quality of dental procedures, caries recurrence and effects on children's OHRQoL. Most of the procedures were successful, and the children's Open access Open access OHRQoL significantly improved. However, there was a tendency towards dental caries relapse, and the children's OHRQoL deteriorated over time. The findings of this study have been shared with the participants who expressed the desire to obtain these findings. Before discussing the findings, the strengths and limitations of the study must be considered. A prospective design, a rare design method in studies observing the clinical outcome of DGA treatment, was used to study clinical outcomes over time, changes in OHRQL scores and caries recurrence, which can be considered a strength of the study. In addition, the validated ECOHIS was used to measure OHRQoL in children. However, a recent study by Thomson et al 22 showed that when applied to children suffering from severe caries, the ECOHIS seems to have some limitations compared with the short-form Parental-Caregiver Perceptions Questionnaire and the FIS. Therefore, the magnitude of the impacts on OHRQoL in our study may partially result from the method used. On the other hand, there are some limitations of this study. First, only 73.6% and 63.5% of the patients participated in the 6-month and 12-month follow-up examinations, respectively. Poor compliance with follow-up may indicate poor compliance with the oral health habits that are necessary for the prevention of recurrent caries. 1 Therefore, samples excluded from the analysis due to absent follow-up recall may have a higher caries recurrence rate, and this may have increased the risk of bias in the relevant findings. Second, the few data points obtained from unscheduled visits by uncalibrated examiners and from the few children who could not cooperate during the examination may have reduced the accuracy of the relevant findings. Third, due to cost constraints, rubber dams are not widely used in paediatric dentistry in our hospital, although they have many benefits and are recommended for various restorative and endodontic procedures. 23 24 Lack of regular rubber dam use is a significant limitation of this study as it is critical for restorative success. Fourth, according to the findings of this study, there are potential differences between individual dentists. This is considerable in the clinical context and may have an impact on this study.
Regarding the findings, approximately half of the children experienced a procedure failure after their operation. Children receiving DGA treatment may suffer from severe caries and need more treatments, which may increase the risk of failure for each child. Therefore, investigations of the success rate of each treatment procedure and determinations of how to improve the success rate have important clinical significance.
Many studies 4 15 25 have reported that SSC has a higher success rate in children receiving DGA treatment than is achieved when using other restorative materials. Our findings show that at the 12-month follow-up examination, the success rate of SSCs was significantly higher than that of posterior resin composites, but the difference between the two was not significant at the 6-month follow-up examination. This finding suggests that the long-term effect of SSCs may be better than posterior resin composites. In this study, the success rates were lower for anterior resin composites than for posterior resin composites. This difference may be because anterior primary teeth have more easily damaged enamel and are under unique forces when chewing. It is, therefore, necessary to carry out the clinical procedures needed, such as the use of advanced bonding agents, 26 the application of root canal posts to teeth that meet the indication criteria 27 and the extraction of teeth that are difficult to restore, to improve success rates in the restoration of anterior primary teeth.
Open access
According to the American Academy of Pediatric Dentistry, pulpotomy is suitable for the treatment of deep caries without irreversible pulp symptoms. 28 However, in this study, none of the children received a pulpotomy, consistent with the low prevalence of pulpotomy in China. Pulpotomy usually requires isolation from moisture (eg, rubber dam) to avoid bacterial contamination. Due to the uneven level of medical development, rubber dams have not been widely used in paediatric dentistry in China. In addition, the choice of pulp capping agents for pulpotomy is a problem. Traditional medicines (eg, formocresol and calcium hydroxide) often have unknown effects, 29 30 while advanced medicines (eg, mineral trioxide aggregate) are too expensive for the vast majority of low-income families in China.
Although children with ECC received systematic treatment under GA, a trend towards recurrent caries was still found in this study. The findings show that 8.5% and 18.8% of the children required further GA at 6 and 12 months, respectively, because they developed recurrent caries. Unfortunately, these recurrence rates may continue to increase over longer term follow-ups. 8 9 These findings are not surprising, because the treatment approach treats the clinical outcome of caries but does not address the underlying risk factors for ECC. 31 32 ECC is a multifactorial disease, the development and progression of which are influenced by multiple factors. In this study, the proportions of low-income and rural families and baseline dmft/dmfs scores were higher in the relapse group than in the non-relapse group, which is consistent with previous studies. 33 34 These findings suggest that poor sociodemographic status and baseline dental caries experience are risk factors for ECC. Other risk factors associated with ECC include Streptococcus mutans infection, enamel development defects, inappropriate feeding methods and excessive intake of sugary foods. Therefore, paediatric dentists should not only pay attention to the surgical approach but also provide appropriate oral health guidance and regular postoperative follow-up visits for children treated under GA.
Oral diseases can result in children experiencing difficulties in food intake, sleep and physical development. In addition, they can also negatively impact the child's family. 35 Similar to many previous studies, 11 the findings of this study showed that the total ECOHIS, FIS and CIS scores were significantly lower at 1, 3, 6 and 12 months post-treatment than those obtained pretreatment, suggesting that ECC treatment performed under GA significantly improved OHRQoL in children and that the observed improvements lasted for at least 12 months. Although the postoperative ECOHIS scores were consistently lower than preoperative ECOHIS scores, they increased over time. These findings can be partially attributed to failed procedures and caries recurrence after the treatment. Therefore, to maintain the improvements obtained with treatment, we should carefully evaluate the child's condition before operating, adopt reasonable Open access Figure 4 Changes in Early Childhood Oral Health Impact Scale scores in the recurrence and non-recurrence groups at the 6-month follow-up examination (n=117).
Figure 5
Changes in Early Childhood Oral Health Impact Scale scores in the recurrence and non-recurrence groups at the 12-month follow-up examination (n=101). and effective treatment strategies, and make an effort to provide appropriate oral health guidance and follow-up strategies to patients.
Our research was conducted at the largest tertiary stomatological hospital in Chongqing, China. The samples included in this study seem to be highly representative of these children because our hospital is the only medical institution providing DGA treatment in Chongqing. Local paediatric dentists and medical decision-makers can benefit from our study. However, the present findings are limited to the city of Chongqing. Future studies with a broad inclusion of patients and hospitals are recommended for the outcome to be representative of the population of Chinese children undergoing GA for dental procedures.
COnCluSIOn
Based on the study findings, we can draw the following conclusions: (1) Procedure failure is commen, and some procedures gradually failed within a few months. Thus, the condition of the children should be carefully evaluated, and reasonable and effective treatment procedures should be selected; (2) We found that there was a trend towards caries recurrence after treatment. Oral health guidance and regular postoperative follow-up visits should be emphasised to reduce the occurrence of recurrent caries and (3) ECC that is not treated in a timely manner can have a negative effect on a children's quality of life and on their families. Treating ECC under GA significantly improved the children's OHRQoL, and this improvement lasted for at least 12 months. However, the children's OHRQoL gradually deteriorated throughout the follow-up period.
